A bstract. Dark germination of A maranthus retroflexus L. seeds at 350 increased after several days of prechilling at 200 or lower. Irradiation with far-red light for short periods during the early hours of a prechilling period at 100 inhibited subsequent dark germination at 350. The inhibition was completely reversible with red light. Far-red irradiation in the latter part of the prechilling period was less effective. Increased dark germination of A. retroflexus seeds following a prechilling period at 200 or less is attributed to action of pre. Red light (R) was obtained by filtering the light from a bank of 18, 96-inch slimline T8 cool white fluorescent tubes through 2 layers of red cellophane. Dishes were placed 1 m from the source which at this distance gave 0.6 mW/cm2 of 600 to 680 nm radiation. Far-red (FR) irradiations were provided bv three 300-w incandescent filament lamps filtered bv 2 layers each of red and blue cellophane and 2 inches of water. Intensity of this source at 1 m was 0.75 mw/cm2 in the 700 to 750 nm region.
A bstract. Dark germination of A maranthus retroflexus L. seeds at 350 increased after several days of prechilling at 200 or lower. Irradiation with far-red light for short periods during the early hours of a prechilling period at 100 inhibited subsequent dark germination at 350. The inhibition was completely reversible with red light. Far-red irradiation in the latter part of the prechilling period was less effective. Increased dark germination of A. retroflexus seeds following a prechilling period at 200 or less is attributed to action of pre. existent P FR' the far-red absorbing form of phytochrome, within the seeds. Inactivation of PFR was found to proceed ca. 4 times more rapidly at 250 than at 200. Failure of imbibition temperatures above 200 to increase dark germination of A. retroflexus seeds is attributed to the rapid thermal reversion of pre-existent PFR* We suggest that the action of prechilling (layering) on many other seed kinds arises in a similar way.
Light sensitive seeds either require light to initiate germination, or to prevent it. Action of the far-red absorbing form of phytochrome, PFR, is known to be the light-dependent factor for the former.
WVe are concerned here with PFR action on seeds of Atmaranthzus retroflexits L. as a function of temperature and duration of treatments. The several observations bear both on the manner of phvtochrome action and on some aspects of what is variously known as stratification, layering, prechilling, or lowtemperature after-ripening of seeds.
Although the enhancement of germination of seeds of many species by initially incubating for a period at low temperatures has been vastlv documented (3, 8) since publication of Elvyn's "Discourse of forest trees" in 1664, a beginnin,g is only recently being made toward an understanding of the processes involved. Pertinent observations with respect to the fuinctioning of P in such phenomena were made by Toole et al. (10) and by Scheibe and Lang (7) .
The discovery of P by Borthwick et al. depended in part on the promotion of germination through the presence of some pre-existent PFR (4, 5) Fig. 1-A) . Two FRirradiations, one given during, aind one at the end of the prechilling period, were less effective than a single irradiatioin in the optinmumii 24-to 72-hr period. Irradiation with 5 min R at or after 24 hr of a 6-day, 100 prechilling period resulted in nearly complete promlotioni when the seeds were subsequentl! germinated at 350 (Fig. 1-B) . The FR inhibition anid R promotion were reversible, in accordance with typical phytochrome control. The resultant germination depended on the nature of the final irradiation, and hour of prechilling when it was applied.
Rate of PFR Action. The gradual decrease in effectiveness of FR during the final hours of prechilling ( Fig. 1-A) suggested that increasing numbers of the seeds had completed their requirement for PFR before its removal bv photoconversion to PR. The rate of PFR action at 100 was measured in another experiment (Fig. 2 ). Seeds were irradiated for 5 min vith FR after 48 hr imbibition at 100 to minimize changes in dark germination. They were then held for an additional 72 hr at 100 to insure high levels of promotio,n by a 5-min/R-irradiation at the end of this period. Some seeds were then given 5-min/FR-irradiations. Others were irradiated with FR at subsequent 24-hr intervals. Immediately after each FR exposure, the lot was transferred to 3,50 in darkness for germination. The various lots of seeds were exposed to 100 for periods from 0 to 192 hr following R-and prior to FRirradiation. The results (Fig. 2) the same increase in rate per 50 increase) indicated that att 350 the change would be essentially complete within ca. 6 hr. At 100, the rate of change was not measurable over a 144-hr period. Attempted measurements at 300 failed because of some germination.
If a prechilling period is preceded by a 350 pretreatment (for the pre-existent PFR to be thermally In the particular lot used in these studies, the increased dark germination following prechilling could be traced to the action of pre-existent PFR.
If imbibition was at temperatures above 200, essentially no dark germination occurred. This is attribtuted to a rapid, thermal inactivation of the preexistenit PiFt without the seeds preceding adequately towards a display of gernmination. Phyisiological stages were evidenit in the lowv tenmperature (100) transfornation of seeds to the dark germinating conditioin. During the first 48 hr of prechilling. the apparent reconstitution (rehydrationi) of preexistent PFlt within the seeds occurred. Evidence for this release is based oln the increasing effectiveness of single FR irradiations fronm the beginning of a 10' imbibitioin to 48 hr later (Fig. 1-A) . The reconstitution was readily detectable within 3 hr after inmbibition commenced. Surprisingly, perliaps, 3 hr of imbibition at 100 coincides with an uptake of only ca. 2 % water from fresh weight basis. Rapid appearance of photoreversible phytochrome has also been observed in Pin us palustris seeds aind enmbrvos on addition of water (9) . Apparently, Pi in A.
retroflexus underwent a similar reconstitution, since single saturating R-irradiations promloted increasing niumibers of seeds uintil ca. 48 hr of 100 imbibition has elapsed ( Fig. 1-B) . Substantial promotioIn was obtained with R given 1.5lhr after imbibitiolln Comlinienced. These data indicate that phytochromne will undergo transformation in nearly air-dry A. retroflex-is seeds. It is evident, however, that these changes are only detectable after a period of prechilling.
A final stage, thalt of completion of a l)art of the germiiinationi reactioIs in; which PFR p)articipates, became iuromninent 96 hr after imibibition started and continuedI at a slow rate for the renmainder of the 144-hr prechilling period ( Fig. 1-A 
